INTRODUCTION
============

The nematode *Caenorhabditis elegans* was the first animal to have its genome completely sequenced in 1998 ([@gkr826-B1]). Since then, second-generation sequencing technologies have revolutionized and democratized the field of genome sequencing. Even small labs can now sequence their favourite nematodes in a few weeks for a few thousand dollars. By 2012, we anticipate that more than 100 nematode genomes will be sequenced, a happy state of affairs for those of us who study this most abundant and diverse Metazoan phylum.

The only problem with rapid and inexpensive sequencing is that it is becoming harder to keep track of which genomes are being sequenced, who is sequencing them, what stage the genome projects are at, and where one can get early access to the data. The nucleotide sequence archives (GenBank/EMBL/DDBJ) ([@gkr826-B2]) are the *de facto* storehouses for complete and published genomes. However, as the bottleneck of a genome project has shifted from sequencing to analysis, which can take months, it has become imperative to have a place to share information about the project before it is published. Inspired by ArthropodBase ([www.arthropodgenomes.org](www.arthropodgenomes.org)), the 959 Nematode Genomes (959NG) wiki was created in early 2010 to meet this need and can be accessed at [www.nematodegenomes.org](www.nematodegenomes.org).

959NG is unlike existing genome and transcriptome database web sites such as WormBase ([@gkr826-B3]) and NemBase ([@gkr826-B4]) because, instead of storing the relationships between genes, proteins and DNA sequences, it stores the relationships between people, institutions and sequencing projects at various stages of completion. The goal is to connect users, and make it easy for them to form collaborations and share data. The platform choice reflects this goal as we describe in the 'Software' section.

Why (Only) 959NG?
-----------------

Unlike the 1000 Human Genomes ([www.1000genomes.org](www.1000genomes.org)) or Genome 10 K ([genome10k.soe.ucsc.edu](genome10k.soe.ucsc.edu)) sequencing projects, the effort to sequence as many nematodes as possible is a distributed, bottom-up enterprise. We picked 959 as an initial target because all adult female hermaphrodite *C. elegans* have exactly 959 somatic cells. The definition of the embryonic lineage of *C. elegans* from fertilized zygote to fertile adult was a milestone in *C. elegans* developmental biology. Just as the tree of the *C. elegans* embryonic lineage was a key underpinning of later work on this model nematode, we hope that a nematode phylogeny with 959 genome-sequenced taxa will underpin the investigation of nematode biology in general. Obviously, we do not limit the vision to these few genomes: with 23 000 species described, and an estimated 1--2 million species undescribed, the scope for genomic exploration of *Nematoda* is vast.

FEATURES
========

959NG is a wiki and thus very easy for end-users to edit and interact with. As it is based on the Semantic MediaWiki (SMW) platform, it also allows pages to store properties and relationships to other pages. These properties and relationships can be queried by anyone.

Editable Taxonomy
-----------------

We offer a view of the taxonomy of the phylum *Nematoda*, pre-loaded with all species that have data present in EMBL/GenBank/DDBJ. Clicking on any node in the taxonomic tree of nematodes shows the sequencing status of all species below that taxon. Each node also provides links to the NCBI page for that taxon and the Expressed Sequence Tags (ESTs) available for any species within that taxon ([Figure 1](#gkr826-F1){ref-type="fig"}). The initial tree was populated using the NCBI taxonomy ([www.ncbi.nlm.nih.gov/taxonomy](www.ncbi.nlm.nih.gov/taxonomy)) but the more widely used Blaxter clades ([@gkr826-B5]) and Helder clades ([@gkr826-B6]) were easy to incorporate into the tree because of the SMW architecture. Users can add new species. See the 'Software' section for more details. Figure 1.Systematic tree of *Nematoda*, with a few taxonomic nodes expanded to show how the Blaxter and Helder classifications were incorporated into the tree.

Species and Strain Information
------------------------------

For each species, several pieces of information are stored and displayed, such as a short description, its NCBI taxonomic identifier, a picture, as well as some facts about genome size and nucleotide frequency, if known. Species pages also store names of people interested in that species. Each species can have one or more strains with a genome and transcriptome sequencing status that includes links to the funding bodies and the sequencing centres contributing to the sequencing projects ([Figure 2](#gkr826-F2){ref-type="fig"}). Figure 2.Species page for *C. elegans* displaying information for the species as well as the status of strains that have been sequenced.

All page properties are stored internally as Resource Description Framework (RDF) triples which are expressions with three parts: subject, predicate and object. An example of an RDF triple is 'Brugia malayi TRS: Strain genome status: Published'. Although some properties are integer or text values, other properties define relationships to pages, such as 'Trichinella spiralis: Has interested party: Makedonka Mitreva' which links to a person page.

Persons and Organizations
-------------------------

Because the main goal of 959NG is to connect users, people and organization pages are as important as species pages. These pages store personal and institutional URLs, contact information as well as relationships to the species such as 'is genome contact for' and 'is interested in species'.

Queries
-------

SMW sites allow users to add new properties that the original web site creators may not have thought of. These properties and relationships can be queried to generate useful dynamic tables. Using the species, strain, people and organization properties, any user can create queries to collate and display information. The following queries are already implemented and linked to from the home page as potentially useful starting points: species with published genomes;species with genomes being sequenced; andspecies for which sequencing has been proposed.

In addition, clicking on a node in the taxonomic tree displays the result of the query 'Species under this taxon that have their sequencing status set to anything other than "None"' ([Figure 3](#gkr826-F3){ref-type="fig"}). Figure 3.Page for the taxonomic node *Enoplia*, showing NCBI Taxonomy and NCBI EST link-outs, as well as the results of the query 'Species and strains under this taxon with their sequencing status set to anything other than "None"'.

New queries and information mash-ups can be added by users on any page if they know the SMW query syntax. For example, the following queries are trivial to run from the 'Semantic Search' page: List of strains sequenced by the funding body NIH: \[\[Strain_genome_funder::NIH\]\]Species in Blaxter clade III with Adenine-Thymine content greater than 70%: \[\[Category:Species\]\] \[\[Species_genome_at:: \>70\]\] \[\[Species_bclade::Bclade_III\]\]

All the pages and the relationships in 959NG can also be exported in XML and RDF format, respectively, using the Special:Export and Special:ExportRDF sections of the web site.

Blast Server For Genomes in Progress
------------------------------------

One of the most used features of 959NG is the BLAST ([@gkr826-B7]) server for intermediate genome assemblies. Although generating sequence data is no longer the bottleneck in a sequencing project, quality checks, assembly, annotation and analysis of the data can take several months. The 959NG BLAST server provides a place to park intermediate data so that interested researchers can start looking for their genes or features of interest and speed up the process of research, especially in time-critical areas such as drug--target and vaccine--candidate discovery. Completed genomes will be submitted to centralized repositories (GenBank/EMBL/DDBJ) and to specialized databases such as WormBase, at which point the intermediate assemblies can be removed from the 959NG BLAST server.

SOFTWARE
========

SMW (semantic-mediawiki.org) is an extension to the popular MediaWiki (mediawiki.org) platform that powers Wikipedia. We chose it for the 959NG web site because (i) users are familiar with wikis and comfortable with creating and editing pages and (ii) we were not sure at the outset about the information we wanted to capture for each species and its genome sequencing status. As we show in this section, SMWs are better than traditional databases when the data model may change.

SMW Concepts
------------

The initial setup requires an understanding of the following SMW concepts: Categories: all pages on the site are in one of the following Categories: (i) Genome Sequencing Centre, (ii) Person, (iii), Species, (iv) Strain and (v) Taxon. A category would typically correspond to a table in a relational database.Forms: each category normally has a specialized form to enter information for that type of page. For example, a Taxon form will have fields for 'NCBI taxon id' and 'Taxon parent', which are specific to Taxon pages.Pages and Properties: a page is analogous to an object in a database or a row in a database table. Page properties in SMW are conceptually equivalent to object values or to columns in a database table.Templates: templates display information about a page or a property. Each category will usually have a template that determines how the information for those types of pages should be displayed. Templates also transform values into displays. For example, the 'PubmedID Linkout' template takes a PubMed ID such as 20980554 and displays a URL to that article on PubMed.

Advantages of SMW
-----------------

Traditional database-driven web sites have fixed data models that are defined by the developers, and end-users typically only add data within the existing framework to such web sites. One of the main advantages of our SMW site is that, as sequencing technologies and needs change, even end-users can change the types of data stored for each entity (species, person, organization, etc.). For example, when we started the web site in early 2010, we did not have strain-specific pages because only one strain was sequenced per species. However, with sequencing becoming more accessible, different strains are now being sequenced for the same species, so we used the web interface to add a new 'Strain' category, created a new template and a new form for strains, and thus changed the fundamental data model without once touching a database table.

The taxonomy tree is another example of how an end-user can change the data hierarchy without knowing anything about how the back-end is implemented. On our site, each taxon is a wiki page with a 'Taxon parent' property pointing to another taxon page, and the tree is generated dynamically based on this single property. Therefore, all we had to do to include additional sub-classifications such as Blaxter clades and Helder clades was to edit a few high-level taxon pages so that their 'Taxon parent' properties pointed to a new Blaxter or Helder clade page.

Another advantage of SMW is that it sits on the MediaWiki platform, which is a mature and scalable engine for serving high-capacity web sites and has a large developer base. Setting up the initial web site took only three person-days, thanks to the examples of templates and forms on another similar site (arthropodgenomes.org). The BioDBCore description of the wiki is provided in the [Supplementary Data](http://nar.oxfordjournals.org/cgi/content/full/gkr807/DC1) section.

FUTURE DIRECTIONS
=================

As more genomes are sequenced and the 959NG site grows, we hope that the evolving data model for nematode genome sequencing projects will also inform other genome sequencing efforts. Most genomes these days are not finished, but are published as high-quality draft sequences, so we will need to not only store the Minimum Information about a Genome Sequence (gensc.org) and Minimum Information about a high-throughput SeQuencing Experiment ([www.mged.org/minseqe](www.mged.org/minseqe)), but also additional values such as CEGMA scores ([@gkr826-B8]) to measure how complete the genome is. We will also develop descriptors for genome-scale genetic mapping data, derived from technologies such as restriction-site-associated DNA sequencing (RADSeq) ([@gkr826-B9]), genotyping by sequencing (GBS) ([@gkr826-B10]) and other methods ([@gkr826-B11]), across many strains or isolates of a species.

Currently, site visitors can interrogate intermediate draft assemblies of genomes in progress only through the BLAST server. In addition, we would like to provide a basic, automatic annotation service for these incomplete genomes using RNASeq alignments and gene predictors.

CONCLUSIONS
===========

The 959 Nematode Genomes wiki has already inspired international collaborations to sequence, annotate and interpret the genomes of key species. We know of two cases where groups who did not know of each other\'s efforts are now merging expertise and effort in a unified project. As additional genomes are proposed, new collaborations can be forged and cross-species analyses coordinated. We also hope that the existence of the wiki, and the enthusiastic community behind it, will serve to attract new researchers into this field. As nematode genomics moves into population genomics, this register of strains and sources will become ever more useful. SMW technology builds a system that is easy to navigate, easy to edit and, importantly, easy to develop as needs, knowledge and possibilities change.

Genomics research on nematodes (particularly *C. elegans*) has already delivered important information on core biological processes. Adding additional nematode genomes will allow the specific instance of *C. elegans* to be contextualized, and will, we hope, feed research on comparative genomics of nematodes, the evolutionary biology of genome change, and the biology of (many) parasitic nematodes, among other fields. We hope 959NG will become a one-stop site in which to forge collaborations, learn about best practice in assembly and annotation, record insights and advances and explore the genomic diversity of *Nematoda*.
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